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Factors Influential to Fourth Graders' Engineering Learning and Identity Development Introduction
Elementary engineering education reform does not happen in isolation of school, classroom, and student level contexts. Many factors, both related and unrelated to teacher professional development will likely influence students' achievement of engineering. While most of the literature concerning the effectiveness of teacher professional development focuses on the quality of the professional development program, [1, 2, 3] there are contextual differences that can lead to differing outcomes between schools within the same school district, and even teachers within the same school 4 ; author et al., under review. Furthermore, small studies focused on one or two variables associated with student learning are limited and may have confounding variables that are unaccounted for by the model. Therefore, there is a need to comprehensively examine what contextual factors and mediators influence students' learning of engineering and which are not significant.
The purpose of this research is to understand the relationship of the following hypothesized influences on fourth grade students' learning of engineering and engineering identity development: (a) school socio-economic status, (b) teacher experience with engineering, (c) student gender, (d) student race/ethnicity, and (e) student prior exposure to engineering.
Literature Review
In recent years, much work has been devoted to the synthesis of the large body of teacher professional development literature 1, 2, 3, 5, 6, 7, 8 . Desimone 3 goes further to identify the model that has been formed over years of TPD research, shown in Figure 1 . There is a consensus that the critical features of TPD can be expected to increase teacher knowledge and skills, improve their practices, and then have potential to influence student achievement. The critical features are foundational and interactive with teacher knowledge, attitudes, and beliefs. Teacher knowledge, skills, attitudes, and beliefs have a reciprocal relationship with how teachers change their instruction. In other words, a change in knowledge, skill, attitudes, and beliefs will lead to a change in instruction. Also, changing instruction will lead to changes in knowledge, skills, attitudes, and beliefs. Changes in instructional practice have also a reciprocal relationship with student learning. All of these changes occur within unique contexts of teacher and student characteristics, curriculum, school leadership, and the larger policy environment.
Desimone (2009) not only synthesized empirical evidence to identify the critical features of a TPD program, but also proposed a core theory of action model. 3 The critical features Desimone identifies are: (1) content focus (2) active learning, (3) coherence, (4) duration, and (5) collective participation. Figure 1 describes the core theory of action model proposed by Desimone 3. In essence, the core theory behind teacher professional development is that by providing high quality teacher training, students will improve in their learning. Contexts such as teacher and student characteristics are understood to have a role in the student outcomes, yet are not fully specified in Desimone's model. Yoon, Diefes-Dux, and Strobel 9 proposed a modification to traditional TPD evaluation models 10, 11 in which context is more directly added to the model. Teacher characteristics are hypothesized to have direct effects on teacher satisfaction, knowledge, and perceptions, which then influence teaching practice, and student knowledge and perceptions. Student characteristics are hypothesized to have direct effects on student knowledge and perceptions. School characteristics are hypothesized to have influence on both teacher and student knowledge and perceptions, as well as how teachers teach. Little is known about which "contextual variables" are most significant and how TPD can seek to intervene at the contextual level.
While elementary teachers that participate in professional development for engineering vary in terms of teaching experience and developmental level, the majority are completely new to engineering, if not also new to the pedagogical approaches that are particularly appropriate for engineering (e.g. open-ended problems, problem-based learning, inquiry, hands-on group activities, etc). Other researchers have noted that inquiry and project based learning challenge teachers' existing capabilities and requires significant professional development. 12, 13 In a similar manner, the engineering design process also challenges teachers' capabilities, as well as their formerly held understandings or misunderstandings about engineering. Time is needed for teachers to get comfortable with engineering and teaching engineering. Previous research found teachers were more comfortable with the engineering lessons in the second year of implementation.
14 In addition, in a correlational longitudinal study, students' whose teacher had more than one year of experience teaching engineering, on average, had significantly larger engineering learning gains 15 . Engineering has historically been stereotyped as a white male profession, and men continue to be the majority of working engineers. 16 We hypothesize that teacher gender may be a contextual variable that contributes to teacher knowledge and perceptions about engineering, whereas student gender and socioeconomic status are also hypothesized to be directly related to student perceptions and knowledge of engineering. Poverty continues to play a role in any school reform effort. 17 As part of a research synthesis, Berliner notes that poverty places severe limitations on educational reform. Therefore, we hypothesize that the school's classification as Title 1 or non-Title 1 would be directly related to the level of student achievement in engineering.
In a longitudinal study of elementary students in grades 2, 3, and 4, 18 found that students who had previous exposure to engineering lessons experienced significant cumulative gains in their knowledge of engineering. We therefore hypothesize that student previous exposure to engineering would be significantly related to student learning and perceptions of engineering.
Methods Setting This research was conducted as part of a large 5-year project, which provided teacher professional development to elementary teachers in grades 2-4, for the purpose of integrating engineering into their science lessons. The goal of the project was to provide high quality teacher professional development in engineering with ongoing support and then examine the impact on teacher change and student achievement. The focus of the professional development was for teachers to be able to: 1) convey a broad perspective of engineering, 2) articulate differences between engineering and science thinking, 3) develop a level of comfort in discussing engineers and engineering with elementary students, and 4) use problem-solving processes to engage in open-ended problem solving. An on-site teacher liaison provided ongoing support to teachers during the school year through brief workshops and individual consultation. Teachers were encouraged to collaborate with other teachers within the same school building and of the same grade level, when possible.
Each year, a new cohort of teachers committed to implementing engineering lessons for a minimum of two years. They attended a week-long academy where they learned about technology, the work of engineers, and the engineering design process. They were prepared to implement the following lessons: What is technology, What is engineering? Introduction to the engineering design process, and one Engineering is Elementary (EiE) unit 19 , consisting of four lessons. After a year of implementation, teachers attended a three-day follow-up academy to answer questions and provide further support. Teachers had discretion over when they taught the lessons and to what extent they integrated engineering into their classroom beyond the given lessons.
Data collected in the last four years of the project were combined, which resulted in participation of 1,554 fourth grade students, their 47 teachers, and 14 schools. Teachers were asked to implement hands-on introductory lessons on technology and the engineering design process, in addition to one unit of Engineering is Elementary by the Museum of Science Boston 19 .
Participants
While 1,554 fourth grade students and their 47 teachers from 14 schools participated in 5 year projects, only 1,025 students from their 44 teachers in 14 schools completed their demographic information and the pre-and post-surveys (described below). Table 1 shows characteristics of the students, teachers, and schools used in the data analysis for this study. As this project was 5 years long, 280 and 140 students had received the integrated engineering lessons once and twice prior to grade 4, respectively and 605 students were new to the engineering lessons when stated grade 4. Note. Even though a school changed Title I status during the project period, the school was categorized as Title I school.
Measures Student Knowledge Tests (SKTs).
Student Knowledge Tests consist of items related to the science and engineering learning objectives of the lessons, with a total score between 0 and 15. The items were developed by a group of people including STEM faculty, research assistants, and elementary educators. 20 Dyehouse and colleagues reported a range for item difficulty from 0.20 to 0.81 when used as pre-test and from 0.30 to 0.90 when used as post-test. Similarly, the instrument presented a discrimination coefficient between 0.11 and 0.43 for the pre-test and between 0.25 and 0.52 for the post-test. In addition, a confirmatory factor analysis performed by the authors showed that all items loads were significant for measuring the same construct. Cronbach's α values were reported as 0.67 for the pre-and 0.79 for the post-test.
Engineering Identity Development Scale (EIDS). This survey consist of a Likert scale with 16 items related to students' self-beliefs. A confirmatory factor analysis performed by Capobianco, French, and Diefes-Dux 21 identified academic affiliation and engineering career as the two factors comprised by the survey. Scores ranged between 1 and 21 for the academic factor and a between 1 and 30 for the engineering factor. Capobianco et al. reported a Cronbach's α value of 0.76.
EIDS and SKTs were administered at the beginning and end of each school year.
Data Analyses
Prior to statistical analyses, assumptions for each statistical method were checked: independent observation, normal distribution, and equal variance. For the correlations among the variables of our interests, Pearson r correlation coefficients were obtained. All statistical results were evaluated with α = .05 and their associated effect sizes reported.
After all inferential statistics, data were modeled in a path analysis using Mplus 7.0
22
Path analysis is a form of structural equation modeling that is more sophisticated than general linear regression, where several relationships between variables are allowed in one analysis. 23, 24 Therefore, path analysis demonstrates direct and indirect relationships among the multiple variables. The initial path model was hypothesized on the basis of the literature review to explore associations among the observed variables, considering prior knowledge/identity as a mediator, as shown in Figure 1 . Based on the fit indexes that Mplus 7.0 provides, the chi-square, rootmean-square error of approximation (RMSEA), comparative fit index (CFI), Tucker-Lewis index (TLI), and standardized root mean square residual (SRMR) were used to judge CFA model fits. 25 Here, students' gender, prior engineering lesson experiences, teachers' gender and prior experience of teaching engineering lessons, and school Title I status, were considered as indicators of students' knowledge, academic and engineering identity. Based on an initial path model, several path models were constructed to test feasibility among associated variables by deleting non-significant paths after each modification of a model. Figure 1 . A hypothetical path model to test theoretical relationships among factors that may contribute to students' engineering learning and Identity development Table 2 shows descriptive statistics of students' performance on the measures utilized this study as a whole and by subgroups in terms of gender and race/ethnicity. While there was no apparent changes between pre-and post-scores on the EIDS Academic scale, on average, students showed obvious increase in both EIDS Engineering scale and SKT scores. 
Results

Descriptive Statistics
Correlations
Pearson correlation coefficients were calculated between variables of our interests. Table  3 shows correlation coefficients between variables on student, teacher, and school characteristics, and students' identity development scale and knowledge test scores. Student gender was significantly correlated with the EIDS Engineering pre-scores but the correlation became nonsignificant on EIDS Engineering post-scores. Teacher gender was significantly correlated with student's SKT pre-and post-scores; the negative correlation indicates that students with a female teacher tended to perform better on the knowledge tests. Teachers' prior experience in STEM integrated instruction was significantly correlated with student's SKT pre-and post-scores. The positive correlation indicates that students with experienced teachers in STEM integrated instruction tended to perform better on the knowledge tests. School Title I status was significantly correlated with EIDS Academic pre-and post-scores and SKT pre-and post-scores: the correlations were all negative, implying that students in Title I schools tended to score lower than students in no Title I schools on both tests. When fourth grade students were exposed to the STEM integrated lessons in prior years (grade 2 or 3), they tended to have higher scores on both EIDS Engineering pre-and post-measures and SKT pre-and post-measures than students who didn't have the prior exposure. Both students' EIDS Academic and Engineering pre-and postscores were significantly correlated with SKT pre-and post-scores. Table 6 shows goodness-of fit indexes from the path models that we attempted based on the hypothetical path model to test theoretical relationships among factors that may contribute to students' STE knowledge and identity development as shown in Figure 1 . Model 1 for each measure indicates a full model considering all the variables of our interests. Model 2 for each measure indicates the final model considering only significant variables and excluding nonsignificant variables, implying no relationship between variables. According to Brown' s 25 guide on fit indexes, all model fits were in good ranges: Chi-square values were not significant; the RMSEA was all in an acceptable range, which is defined as 0.08 or less; CFI and TLI were in a good-fit range, defined as 0.95 and over; and SRMR was close to 0.0, indicating an excellent fit. 
SEM Results
Note. * p < 0.05: RMSEA = root-mean-square error of approximation; CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR = standardized root mean square residual Engineering Learning. Figure 2 shows a path model on students' engineering learning. Students' pre-knowledge had the strong direct effect on student's post-knowledge. While students' prior exposure to STEM integrated lesson engineering had a direct effect on students' pre-engineering knowedge and a indirect effect on students' post-knowledge, school's Title I status showed both negative direct and indirect effects on students' post-knowledge. Interestingly, there were no signficant teacher effects on students' post-knowledge. In other words, regardless, teachers' gender and prior expereince in STEM integrated instruction, school Title I status and students' pre-knowledge were the most effective factors influecing students' post-knowledge. Table 7 shows the standardized magnitudes of indirect and direct effects of the significant variabes on students' post-engienering knowledge. Academic Identity Development. Figure 3 shows a path model on students' acadmic identity development. Students' pre-academic identity had the strong direct effect on student's post-academic identity. School Titl I status only showed a negative indirect effect on students' post-academic identity through students' pre-Academic identity. Interestingly, students' gender and prior-exposure to STEM integrated lessons as well as teacher characteristics (gender and prior expereince in STEM integrated instruction) were not influencing students' post academicidentity development. Table 7 shows the standardized magnitudes of indirect and direct effects of the significant variabes on students' post-academic identity development. Engineering Identity Development. Figure 4 shows a path model on students' engineering identity development. Similar to other path models discussed above, students' preengineering identity had the strong direct effect on student's post-engineering identity. Interestingly, the negative indirect effect of school Title I satatus was disappeared on studentspost engineering identity. However, students' prior exposure to STEM integrated lessons appeared to have a positive indirect effect on students' post-engineering identity. Again, students' gender and teacher characteristics, such as gender and prior expereince in STEM integrated instruction, were not influencing students' post engineering identity. Table 7 shows the standardized magnitudes of indirect and direct effects of the significant variabes on students' post-engineering identity development. gains in science and engineering than students attending no Title I schools, (b) students with prior exposure to engineering lessons have a greater increase in engineering identity development than students with no prior engineering exposure, and (c) while prior exposure to engineering led to significantly higher pretest scores on the knowledge test, there were no significant differences on students posttest scores. However, contrary to hypothesis, neither teacher nor student gender was significantly related to students knowledge or engineering identity development. In addition, teachers' experiences with teaching engineering, and students prior exposure to engineering lessons were not significantly related to student outcomes of knowledge and engineering identity development.
Conclusion
Engineering educational reform must consider the role of poverty in student learning. In this study, poverty is a more predictive variable of student learning gains than any other variable. In order to increase participation of under-represented minorities in engineering, direct effort must be made to understand how to support students in low economic schools to be successful in engineering. Future research should examine what additional barriers children in low socioeconomic schools face that hinder their achievement in engineering, compared with students who attend schools not given status as Title 1. Students in the current study were categorized according to their school status, not on the individual level. Future research may also consider whether there are variations within Title 1 schools based on parental socio-economic status, or whether these are school related factors. As expected, prior exposure to engineering lessons was predictive of higher engineering identity development. This finding suggests that with ongoing exposure to engineering, students increase in their identity of themselves as the kind of person who could become an engineer. Elementary school is a time of career exploration and becoming acquainted with the world of work. As children are forming their ideas about what type of work they might like to do, it is important that they are aware of engineering and are open to future possibilities for themselves with engineering.
